encapsulation occurs during the freezethaw cycles and that its efficiency increases with the increase of the number of cycles. The plateau reached after 50 cycles represents maximum encapsulation efficiency and corresponds to the calculated volume ratio of inner volume out of the total volume. In other words, the inside protein concentration is now equal to the outside one. In the experiment shown in Figure 1 , the inner volume corresponded to 30% of the total volume; after 50 freeze-thaw cycles, 30% of the proteins were encapsulated.
The upper curve in Figure 1 shows the very low denaturing effect of the freeze-thaw cycles on AChE (below 10%). This low denaturation of AChE during the encapsulation process is a real advantage compared to previously described encapsulation techniques (see Table 1 ). Repetitive freeze-thaw cycles are usually detrimental to proteins. During thermal changes, buffer acid or basic species have different precipitation behavior in solution, locally creating dramatic pH changes that denature proteins (9). Fast freezing in liquid nitrogen (-195°C) and thawing in a water bath (37°C) avoided this differential precipitation and preserved the protein during the encapsulation procedure. Furthermore, a high concentration of the enzyme to be encapsulated and a high concentration of liposomes protect the protein from denaturation by freezing.
How do enzymes enter into liposomes during the freeze-thaw cycles? At the freezing point, the encapsulated water increases its volume by 10%, leading to a burst in the lipid shell. It is tempting to hypothesize that during the first thawing, the enzymes enter into the liposome through the unclosed fracture. The concentrations of enzymes inside and outside do not equilibrate within a single freeze-thaw cycle, either because the closing of the membrane is too rapid during the thawing or because the probability of opening a large enough fracture during the freezing is low. Maximum of encapsulation efficiency is reached only after the enzyme concentrations are in equilibrium inside and outside of the liposomes. The inner membrane surface of a 200nm diameter liposome is 121.000 nm 2 . The volume increase by water freezing requires an additional 6% (or 7500 nm 2 ) in lipid area, which is beyond the critical area, leading to rupture. In the rigid frozen membrane of the liposome, this surface increase generates at least one fracture among the lipids. This fracture's area corresponds to more than 100 times the surface hindrance of the enzyme (70 nm 2 ). To test this explanation, we forced the enzyme out of the liposomes. Figure 2 shows the effect of the freeze-thaw cycles on the unloading of enzyme-loaded liposomes in a solution free of enzymes. In this case, the concentration gradient causes the diffusion of the enzyme outside the liposomes.
Most of the promising enzymes for the construction of new nanoscaled tools are fragile and do not support harsh conditions. Their encapsulation in liposomes using dialysis, reversephase evaporation, or sonication may denature them. Here, the freeze-thaw of preformed liposomes appears to be an efficient technique to achieve the encapsulation of fragile enzymes. Propagating DNA fragments in plasmids is a routine procedure in molecular cloning because of its simplicity and efficiency. Commonly used cloning plasmid vectors, such as the pUC ® and pGEM ® series (Promega, Madison, WI, USA), are effective for cloning restricted fragments shorter than 10 kb (1). However, the probability of cloning of fragments longer than 10 kb in these vectors is low, and screening clones with long inserts is laborious and time-consuming. For example, when a genomic library of 150-200 kb DNA (e.g., certain viral DNA and BAC clones) is needed, the common approach is to digest the DNA with a restriction endonuclease and lig-ate the fragments to a plasmid for propagation in Escherichia coli. Unfortunately, by using this approach, clones containing the long inserts are often found only with extreme difficulty.
While constructing a genomic library of an insect ascovirus DNA, we noticed that the smaller white bacterial colonies on X-gal-IPTG-Amp LB plate contained inserts longer than 10 kb. Normally, these colonies would have been dismissed as satellites. Here we provide supporting evidence that cloning vectors such as pGEM-4Z can be efficiently used to clone long restricted fragments. The cloning vector pGEM-4Z contains the gene encoding the lacZ-α peptide. Insertion of a DNA fragment results in a nonfunctional α peptide, and the colonies appear white instead of blue (1) .
Genomic DNAs from three insect viruses belonging to two virus families (Ascoviridae and Baculoviridae) were used in demonstrating the described screening strategy. These DNAs were from Spodoptera exigua ascovirus (SeAV-5a), Trichoplusia ni ascovirus (TnAV2), and Autographa californica nucleopolyhedrovirus (AcMNPV). The sizes of DNA genomes were 130-200 kb and contained 4-6 BamHI or EcoRI restriction fragments ranging in size from 10 to 18 kb (1) (2) (3) (4) . Viral DNA (0.5 µg) and pGEM-4Z plasmid DNA (0.5 µg) were digested to completion with BamHI (for SeAV-5a and TnAV2) or EcoRI (for AcMNPV) for 3 h at 37°C. The viral DNA fragments ranged from 0.1 to 38 kb in size. Linearized pGEM-4Z DNA was dephosphorylated with calf intestinal alkaline phosphatase (Amersham Biosciences, Piscataway, NJ, USA). Restricted viral DNA fragments and dephosphorylated vector DNA were ethanol-precipitated and ligated using T4 DNA ligase (New England Biolabs, Beverly, MA, USA) for 1 h at 22°C. Following a cleanup of the ligated DNA by ethanol precipitation, competent E. coli cells (DH10B; Invitrogen, Carlsbad, CA, USA) were transformed by electroporation (Bio-Rad Laboratories, Hercules, CA, USA) set at 1.8 kV, 25 µFD, and 200 Ω. Transformed cells were incubated in SOC medium (Invitrogen) for 45 min at 37°C and then plated on X-gal-IPTG-Amp LB plates. After 18 h at 37°C, the diameters of 30-40 visually selected small and large white colonies from each transformation were measured with the aid of a Nikon ® inverted microscope. These clones were streaked onto X-gal-IPTG-Amp LB plates to confirm the white color phenotype before propagation in 3 mL LB broth containing 100 µg/mL ampicillin. Two microliters of extracted miniprep DNA samples in 100 µL TE buffer (pH 8.0) and 0.5 µg of the respective genomic DNAs were digested with the appropriate restriction endonuclease (1) and analyzed by electrophoresis on 0.7% agarose gels. The percentage of inserts greater than 10 kb in the small and the large white colonies was calculated and compared. Figure 1 shows the results of restriction endonuclease examination of cloned DNA extracted from large and small white colonies following SeAV-5a genomic cloning. The majority of inserts from the large white colonies were shorter than 7 kb, whereas the majority of small white colonies had inserts longer than 7 kb (Figure 1, A and B) . Specifically, only 2 of 30 large white colonies had insert sizes greater than 10 kb (6.7%), while 14 of 30 smaller white colonies contained inserts greater than 10 kb (46.7%) ( Figure 1, A and B, and Table 1 ). The longest insert in plasmid from the small white colony was 20 kb that contained multiple inserts (clone 10 in Figure 1B ). All but the longest 27kb fragment of SeAV-5A were recovered in this experiment. The longest insert recovered from the larger white colonies was 15 kb, but only one clone contained this fragment. Clone 12 was the only other large white colony containing a plasmid with multiple inserts totaling more than 10 kb ( Figure 1A) . Difference in the size of the insert in the large versus the small white colonies was also observed with the cloning of the other two virus genomes, TnAV2 and AcMNPV (Table 1 ). Our approach was so successful that we were able to recover 14 clones of long inserts from SeAV-5a, 11 clones of long inserts from TnAV2, and 15 clones of long inserts from AcMNPV viruses in screening only 30, 30, and 37 small white colonies, respectively. We also observed that more of the small white colonies contained multiple inserts (7 of 30) compared to the larger colonies (2 of 30). The colony diameter of the small white clones was about half that of the large white colonies as measured on a grid in a Nikon inverted microscope (0.55/1.1 mm; Table 1 ), whereas the frequency of long DNA inserts (>10 kb) from the small white colonies was more than 9-fold higher than that from the large white colonies (41.3%/4.5%; Table 1 ), and the difference was highly significant (P = 0.00077). Although the DNA yields from the large white colonies were consistently high, the DNA yields from small white colonies were often lower and more variable, especially among the colonies shown to have long inserts ( Figure 1, A and B) .
The preliminary genomic cloning for construction of a DNA library is normally straightforward. However, screening for certain DNA inserts, particularly for the ones longer than 10 kb, is problematic and often costly in terms of materials and labor. Our approach to screen for inserts from the small white colonies in addition to the large ones provides an economical and timesaving strategy. For example, in our initial efforts to construct a HindIII library of Choristoneura occidentalis granulovirus (CoGV; 100 kb genome size; Baculoviridae), the initial screening of the large white colonies for inserts was accomplished in a short time. However, we were unable to find a clone for the longest 12-kb insert even after screening 300 large white colonies. In contrast, we found the 12-kb insert clones when 5 small white colonies were screened (3 of 5). Similarly, while generating a TnAV2 BamHI library, all 30 small white colonies contained inserts from 0.8 to 15 kb in size, which include all the BamHI fragments except two long fragments (33 and 38 kb). It is important to note that the small white colonies are not the "satellite" colonies that do not contain plasmids and normally grow around the large white colonies. Also the satellites are smaller than the ones we defined as small white colonies. The plasmid yield from the small white colonies containing long inserts is often very poor compared with that from the large colonies (Figure 1) . It is necessary to scale up the culture to purify a sufficient amount of plasmid DNA from the small colonies. We assume that the presence of a long insert in the plasmid may contribute to their poor growth on LB plates. However, we cannot at present preclude other factors. It is possible that plasmids with long inserts may interfere with host replication in a variety of ways such as cell division or chromosomal DNA replication (1) . It is also possible that there is a reduction in the plasmid copy number, but we have not investigated that directly.
In conclusion, screening small white colonies for DNA inserts (>10 kb) provides an efficient method to clone long inserts in commonly used cloning vectors. We have not investigated the maximum size insert found in small colonies, but we now routinely clone fragments of 10-18 kb in size in pGEM-4Z. a Sample size for each colony size measurements and insert size analysis is 30 colonies, except for the sample size for the AcMNPV small white colonies, which is 37. Student's t test showed a significant difference (P = 0.00077) in the percent of long inserts (>10 kb) between large and small white colonies. The arrows indicate the clones with greater than 10-kb DNA inserts. LB (3 mL) overnight saturated cultures from large and small white colonies were batch-processed for plasmid DNA using the alkaline lysis method, and the DNA was dissolved in 100 µL TE buffer (pH 8.0). Two microliters of DNA were cleaved with BamHI in 20 µL reaction volume at 37°C for 3 h and then separated on 0.7% agarose gels. The gels were stained in 0.5 µg/mL ethidium bromide.
